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(54) ELECTROSTATIC TYPE LENS 

(57)Abstract: 

PURPOSE: To prevent the contamination due to the 
impurity of a sample and prevent charge-up by covering 
the inner wall of the holder of an electrostatic lens 
equipped with an insulative holder which supports an 
electrode, by a silicon carbide film. 
CONSTITUTION: As for an electrostatic lens, the 
grounded electrodes 51 and 52 and a lens electrode 53 
are supported by a holder 54. The holder 54 is formed by 
machining an insulative machinable ceramics to a 
cylindrical form and forming a silicon carbide film 1 1 on 
the inner walK The film 1 1 is formed by the CVD method, 
and the film itself hardly contains impurity element, and 
impure gas is not liberated from the film 11. Accordingly, 
a sample is prevented from being contaminated by 
impurity, and the film possesses the conductivity due to 
high resistance, and stray electron is not piled up on the 
inner wall of the holder, and charge-up is prevented. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] Said holder is an electrostatic type lens characterized by covering the wall with the 
silicon carbide film in the electrostatic type lens equipped with at least three electrodes and the . 
insulating holder which supports said electrode. 

[Claim 2] Said silicon carbide film is an electrostatic type lens according to claim 1 characterized 
by being formed in said wall of vapor growth. 

[Claim 3] The electrostatic type lens according to claim 1 or 2 characterized by the additive for 
controlling conductivity being added by said silicon carbide film. 

[Claim 4] Said additive is an electrostatic type lens according to claim 3 characterized by being 
nitrogen. 

[Claim 5] The electrostatic type lens according to claim 1 to 4 with which energy of an electron 
beam is characterized by being set as 1 .5 or less keVs. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrostatic type lens used for an electron 

microscope, focused ion beam equipment, etc. 

[0002] 

[Description of the Prior Art] The electrostatic type lens has been used as a focusing lens in an 
electron gun, focused ion beam equipment, etc. It is thought that it comes to be further used 
instead of the electromagnetic lens in an electron microscope from now on also as a focusing 
lens of electron beam application equipment, especially the test equipment of a semiconductor 
device. An electrostatic type lens depends this on the improvement in an aberration property 
other than the formation of small lightweight being possible being expected in a low acceleration 
voltage field. Here, it is the reason that it is necessary that it is necessary to make it that a low 
acceleration voltage field poses a problem not receive a damage by electronic exposure in a 
semiconductor device and and to prevent the charge up. 

[0003] The conventional electrostatic type lens had cross-section structure as shown in drawing 
5 fundamentally. The structure of this lens is the easiest and, generally is called the AINTSUERU 
lens. It consists of the insulating material made from a ceramic, the holder 54 of the shape of a 
cylinder which supports an electrode is formed, and the electrode 51 of a cylindrical shape or a 
disk mold, the lens electrode 53, and the electrode 52 are formed in the interior. Both the 
electrodes 51 and 52 are maintained at ground potential, and the lens electrode 53 is maintained 
at the electronegative potential which forms lens electric field so that an electron may be 
converged. Bias of the cathode 55 located on the shaft of each lenses 51-53 is carried out to 
the electronegative potential equivalent to acceleration voltage, for example, when acceleration 
voltage is IkV, it is -IkV. 

[0004] There were the following problems in the conventional electrostatic type lens which has 
such a configuration. 

[0005] A technical problem called mitigation of the charge up exists in an electrostatic type lens 
the 1st. The stray electron scattered about not only by the electron which passes the orbit 
within a shaft of the normal of the direction of an arrow head A but by the aperture which is not 
illustrated is in an electrostatic type lens. The pile up of this stray electron is carried out to the 
wall of a holder 54, and it will carry out the charge up of the holder 54. The electric field which 
should exist essentially and which do not come out occur by this, the focusing effectiveness of a 
lens is reduced, and an electronic orbit becomes unstable further. Such a phenomenon becomes 
remarkable by the case where electronic energy is low. However, in recent years, as mentioned 
above, an electrostatic type lens is in the inclination to be mostly used to inspection of a 
semiconductor device etc. When inspecting a semiconductor device, electronic energy must be 
made low and it is pressed for it by the need for the problem solving of the charge up so that a 
damage may not be given. 

[0006] If the holder 54 holding a lens is a conductor, the pile up of the electron will not be 
carried out and the charge up will not happen. However, in order to hold the lens electrode 53 
installed in the center to the high voltage, a holder 54 must be high resistance to some extent, 
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and cannot be used as a conductor. 

[0007] There was a problem that the holder 54 which consists [ 2nd ] of a ceramic polluted a 
sample. With an electrostatic type lens, as for the engine performance as a lens, it has effect 
with a big assembly precision of each electrodes 51-53 especially. And it depends for this 
assembly precision on the process tolerance of a holder 54. What has the workability processing 
precise originally is difficult for a ceramic, and good called Macina brucella MIKKU has come to 
be used. 

[0008] However, many impurities are added by this Macina brucella MIKKU. This impurity is 
emitted as gas within the holder 54 currently maintained at the vacuum, adheres to a sample and 
is polluted. In order to raise especially a degree of vacuum and to bake a holder 54 generally, the 
phenomenon of the gas evolution of an impurity is accelerated further. As mentioned above, in 
recent years, an electrostatic type lens is used for inspection of a semi-conductor sample in 
many cases, and such contamination has posed a bigger problem. 

[0009] The conventional electrostatic type lens had the problem that aberration was large in the 
3rd. The parameter most important when evaluating the engine performance of a lens is an 
aberration coefficient With an electrostatic type lens, aberration will be generated locally and 
the aberration of this part will opt for the engine performance of the whole lens. A chromatic- 
aberration multiplier is expressed with the electrostatic type lens using paraxial trajectory like (2) 
types so that a spherical-aberration multiplier may be the following (1) type. 
[0010] 
[Equation 1] 

1 

Cs = 



16VV (ZO ) 




r a* 



CI) 

/I r 1 V" \ ra 

Cc =V V (ZO )\ ra^H ra d z 

\2 V 4 V / 

(2) 

Here, it is ZO. And Zi The location of the object surface of the direction of the Z-axis (medial 
axis), and the image surface, and ra The potential distribution on the Z-axis, V\ and V" of 
paraxial trajectory and V are the ground-floor differential of potential distribution, and first-floor 
differential, respectively. 

[0011] It is ground-floor differential V of potential so that more clearly than this formula (1) and 
(2). If a value is large, both a spherical-aberration multiplier and a chromatic-aberration multiplier 
will become large. This relation is shown in drawing 6 and drawing 7 . The die length of the shaft 
orientations of a holder 54 and electrodes 51-53 is shown in drawing 6 , and change of the shaft 
orientations of an electrical potential difference is shown in drawing 7 . Here, electrodes 51 and 
52 are used into touch-down potential, and 55 uses a lens electrode 53 as -811V and -IkV of 
cathodes. A focal distance is 73mm and a scale factor is 1.1. The spherical-aberration multiplier 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web.cgi.eiie 



2004/07/06 



3/3 ^—i^ 





Csi obtained on such conditions is 18588mm, and the chromatic-aberration multiplier Cci is 
230mm. 

[0012] As shown in a formula (1) and (2). the part to which an integral child grows up is 
equivalent to the part which each aberration generates. And that an integral child grows up is a 
part where change of potential is large. As shown in drawing 8 , the location where the absolute 
value of the integral child of the spherical aberration in a formula (1) becomes the largest is in 
agreement with the location where potential is changing. Similarly, as shown in drawing 9 , the 
integral child of the chromatic aberration in a formula (2) grows up in the location where 
potential changes a lot. This means aberration occurring in the part and dropping the engine 
performance of the whole lens on the lens which has the structure where change of potential 
takes place rapidly. 

[0013] So, what was going to make small the difference of the electrical-potential-difference 
value impressed to each lens electrode using many lens electrodes, and was going to smooth 
change of potential more is proposed by the conventional lens (bibliography: M.Szilagyi and 
LSzep, "Optimum design of electrostaticlenses". J.Vac.Sci.Technol, B6 (3), May/Jun 1988, pp 
953-957). 

[0014] however, such — many — the number of electrodes increases the thing using several 
lenses. The electrode of 12 sheets is needed in what is depended on above-mentioned 
reference. Consequently, complication of structure and increase of a manufacturing cost were 
caused and the problem of being scarce was in practicality. 

[0015] Moreover, in order to smooth change of potential, enlarging the bore of a lens was also 
considered. However, if a bore becomes large, the dimension of a electron optics lens-barrel will 
become large. As for the purpose using an electrostatic type lens, it is very disadvantageous 
that are in the point miniaturized rather than the conventional electromagnetic lens, and a 
dimension becomes large. 
[0016] 

[Problem(s) to be Solved by the Invention] As mentioned above, the charge up occurred, it had 
the bad influence on the electronic orbit, and the conventional electrostatic type lens had 
contamination of a sample, and various kinds of problems that aberration could not be reduced, 
attaining a miniaturization further. 

[0017] This invention aims at reduction of the charge up, the pollution control of a sample, and 
offer of the electrostatic type lens which can attain an improvement of aberration in view of the 
above-mentioned situation. 
[0018] 

[Means for Solving the Problem] The electrostatic type lens of this invention is an electrostatic 

type lens equipped with at least three electrodes and the insulating holder which supports said 

electrode, and said holder is characterized by covering the wall with the SiC film. 

[0019] Said SiC film may be formed in said wall of vapor growth here. 

[0020] The additive for controlling conductivity can also be added on said SiC film. 

[0021] As said additive, nitrogen may be added on the SiC film. 

[0022] When making a semiconductor device into a sample, it is desirable to set the energy of an 

electron beam as 1.5 or less keVs. 

[0023] 

[Function] Since the SiC film which has covered the wall of a holder has thermal resistance in 
itself, hardly including an impurity, it can bear baking in an elevated temperature. For this reason, 
it is prevented that a sample is polluted with an impurity. 
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